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The Japanese eel Anguilla japonica is an important ﬁsh species in
several Asian countries including Japan. Viral endothelial cell necrosis of
eel (VECNE) of A. japonica is a serious problem in Japanese aquaculture
industry (Egusa et al, 1989; Inoue et al, 1994; Ono and Nagai, 1997). In
Shizuoka, a prefecture where the eel is mass-produced, the total
production of Japanese eel was approximately 1700 tons (4 billion yen),
and 107 tonsworth of eel died from illness in 2008. Of these 107, 31 tons
worth of the eels died fromVECNE. Thus, economic loss due to VECNE is
a serious problem in the cultured eel business. To prevent the spread of
VECNE, obtaining genomic information of the unknown viral agent is
crucial for developing a detection system and vaccines.
We and other groups reported that VECNE occurs naturally (Egusa
et al, 1989; Inoue et al, 1994; Ono and Nagai, 1997). Naturally VECNE
shows reddening of ﬁns with a swollen abdomen. Intense congestion
occurs in the gills, liver, and intestine. Histopathology of VECNE is
characterized by intense congestion in the central venous sinuses of thegill ﬁlaments compared to healthy eels. This pathological change is
accompanied by degeneration of nuclei of endothelial cell in blood
vessels; this degeneration is characterized by swelling. Hexagonal virus
particles measuring about 75 nm in diameter were observed in the
nuclei. Thus, VECNE results from a systemic viral infection that causes
necrosis of endothelial cells in blood vessels. VECNEwas experimentally
induced by injecting a ﬁltered homogenized solution of diseased eels
into the abdominal cavities of healthy eels (Ono and Nagai, 1997). Since
the ﬁrst report regarding VECNE was published in 1989 (Egusa et al,
1989), the causative virus has not been identiﬁed because cell culture
systems for viral isolation are not available. Therefore, we established a
cell line that originated from vascular endothelial cells of A. japonica
(Ono et al, 2007). The primary Japanese eel endothelial (JEE) cell culture
systemwasestablishedusing thedorsal aorta andaortic bulbsof healthy
eels. To isolate the causative virus, gill lamellae were homogenized and
centrifuged. The supernatant was then ﬁltered using a 0.45-μm ﬁlter.
The ﬁltrate was added to JEE cells. At 7 days post-inoculation (p.i.),
cytopathic effect (CPE) with markedly hypertrophied nuclei was
observed (Ono et al, 2007). After a second passage, CPE was observed
at 4 days p.i. Serial passages of the virus in JEE cells also induced CPE.
When JEE cells were treated with 5-iodo-2′-deoxyuridine before virus
inoculation, CPE was inhibited, strongly suggesting that the virus has
DNA as its genome. In addition, this virus exhibited chloroform
180 T. Mizutani et al. / Virology 412 (2011) 179–187resistance, suggesting it is not an envelope virus. The shape of this virus
in JEE cells is the same as that in naturally infected eels, as conﬁrmed by
electron microscopy (EM). The isolated virus caused VECNE in eels, as
determined by a previous study (Ono et al, 2007). Although this virus
was believed to be an adenovirus-like virus from these data, nucleic acid
sequences were not determined.
We recently developeda rapiddetermination systemfor viral nucleic
acid sequences (called RDV) to determine viral genomic sequences
without cloning in a plasmid vector (Mizutani et al, 2007). RDV allows
for exhaustive identiﬁcation of viruses compared to previous virus
detection systems, such as RT-PCR, because it does not require speciﬁc
primers for target virus nucleotide sequences. In previous studies, we
identiﬁed several novel viruses, such as Ryukyu virus 1 (bat adenovirus)
(Maeda et al, 2008), Hipposideros diadema herpesvirus 1 (from bat)
(Watanabe et al, 2009), Bat betaherpesvirus 2 (Watanabe et al., in
press), Ostrich virus 1 (orthoreovirus) (Sakai et al, 2009) and Phasi
Charoen virus (mosquito bunyavirus) (Yamao et al, 2009). In this study,
we used RDV with the supernatant of virus-infected JEE cells to obtain
viral genomic sequences of the viruses infecting JEE cells.
Results
Virus shape in virus stock analyzed using EM
To conﬁrm that the virus stocks (supernatant of virus-infected
cells) cause VECNE in eels, 70th-passage virus stock was used in this
study. Virus shapes were observed in the nuclei using electron
microscopy (EM) (Fig. 1A and B) after JEE cells were infected with the
virus stock. After ﬁltering the virus stock using 0.45-μm ﬁlters, the
virus was inoculated into eels. EM photographs of the gill are
illustrated in Fig. 1C and D. Intense congestion occurred in the gill
(Fig. 1E) and liver (Fig. 1F) at 8 days p.i. Although we evaluated a
number of EM photographs of JEE cells and gills, we found only one
species based on virus shape. This suggests that the virus stock over 70
passages in JEE cells contain agent(s) causing VECNE.
Partial viral genomic DNA sequences using RDV
To obtain viral DNA genomic sequences, DNAwas extracted from the
supernatant of virus-infected JEE cells at 4 days p.i. after RNase A and
DNase I treatment. RDV was then performed. A total of 29 PCR products
were extracted from agarose gels at the ﬁnal step of RDV, and direct
sequencing was performed. The nucleotide sequences were used to
determine homologous sequences using BLASTx and tBLAST at the
National Center for Biotechnology Information (NCBI) web site. Nine
read sequences were not homologous to any genes. PCR primers were
designedbasedon these sequences, and three read sequences (read-024,
-004A, and -004C) were ampliﬁed in virus-infected cells, but not in
mock-infected cells, using DNA samples (Fig. 2A). One read sequence,
read-024, comprising 100 amino acids were homologous to the
sequence of the large T-antigen of polyomaviruses, such as budgerigar
ﬂedgling disease virus and human polyomaviruses. Read-024 was
detected using RT-PCR using the RNA extracted from virus-infected
cells at 3 days p.i. (Fig. 2B), indicating that it was transcribed in infected
cells. In addition, 16S ribosomal DNA of bacteria and mycoplasma was
not detected in these DNA samples using PCR (data not shown). These
results indicated that these read sequences obtained using RDV were
parts of the viral genome.
Elongation of viral genomic sequences
Based on these viral nucleotide sequences, genome walking was
performed using differential display RT-PCR (GeneFishing DEG
Premix Kit; Seegene). We obtained DNA fragments of 5 and 2 kbp
approximately. To obtain the entire genome sequence of this virus, we
used the Genome Sequencer FLX System (Titanium) of Roche and 454Life Sciences. Viral DNAwas extracted by precipitation of 30-ml virus-
infected cell supernatant at 4 days p.i using ultracentrifugation. The
obtained 17,000 read sequences were analyzed using the GS De novo
Assembler Version 2.3 (Roche) for de novo assembly. As a result, we
obtained 15,131 total nucleotides with circular DNA forms comprising
this viral genome (Fig. 3A). The viral genomic information was
deposited in DDBJ/EMBL/GenBank (accession number AB543063).
Organization of the viral genome is illustrated in Fig. 3B. Because we
could not ﬁnd a motif of replicative origin on this genome, the
provisional nucleotide number is 1 in Fig. 3A and B. The locations of
partial DNA fragments (read-024, -004A, and -004C) obtained using
RDV and two long DNA fragments (5 and 2 kbp) obtained using
genome walking are also illustrated in Fig. 3B. In addition, at least 15
predicted ORFs were found in both strands using GeneMark.hmm 2.0
(Fig. 3B). These ORFs, except for the large T-antigen-like ORFs, are not
homologous to any genes of polyomavirus.
Regions homologous to polyomaviruses
The DNA sequence harbored an ORF encoding 698 amino acids;
a region of this reading frame contains approximately 100 amino
acids as determined using RDV. This ORF is homologous to the large
T-antigen gene of avian polyomaviruses at ATP-binding region (E
value of 8e-54) (Fig. 4A and B), although it is distinct from the usual
conﬁguration of polyomaviral T-antigen genes. Usually, T-antigen
genes carry an intron in the middle of the sequence having one splice
donor and two splicing acceptors, allowing alternative splicing to
produce mRNA for large and small T-antigens. In contrast, the ORF
appeared contiguous without introns, suggesting that the DNA is not
a direct descendent of a polyomaviral DNA and likely belongs to a
novel virus family. We provisionally named this DNA as JEE cells-
infecting virus (JEECV).
Multiplicity of JEECV in JEE cells
To investigate multiplicity of JEECV in JEE cells, a TaqMan real-time
PCR system was developed. Probe and primers were designed for the
large T-antigen-like region. The virus stock at 0.01 TCID50/cell
multiplicity of infection (MOI) was inoculated into conﬂuent JEE
cells in a 24-well plate, and cells and supernatant were harvested at
24, 48, 72, 96, 120, 144, 163, and 187 h p.i. As illustrated in Fig. 5A,
viral gene numbers increased in the cells and supernatant from 24 to
144 h p.i. Conventional PCR was also performed, and similar results
were obtained (Fig. 5B).
Demonstration of intact genome size of JEECV
As illustrated in Fig. 3, 454 analysis revealed that JEECV genome is
circular. We then performed rolling circle analysis for amplifying
circular viral genomes (Johne, 2009). DNA extracted from the
supernatant of virus-infected cells at 163 h p.i. (Fig. 4) was ampliﬁed
using Phi29 enzymes (Templiphi) for circular DNA, and viral copy
numbers were calculated for ampliﬁed products using real-time PCR
(Fig. 4A). As a result, products of Templiphi were ampliﬁed approxi-
mately 128-fold compared with unampliﬁed DNA (data not shown).
The reads using the next-generation sequencer were obtained as
contiguous sequences (data not shown). To conﬁrm that the circular
viral genome exists, overlapping PCR on the viral genome was
performed. DNA extracted from JEECV-infected cells was ampliﬁed
using long PCR by overlapping the ampliﬁed region. As illustrated in
Fig. 6A, we obtained PCR products at expected sizes.We conﬁrmed the
nucleotide sequences of bands after gel puriﬁcation. This result
suggests the presence of a circular viral genome in infected cells. In
the viral genomic sequence, a repeat region is observed at 480–853 nt.
The repeat region was sequenced within the long PCR product.
Althoughwe deposited a viral genomic sequencewith three repeats in
Fig. 1. Virus passage in JEE cells and infection in eels. 70th passage virus stock was infected to JEE cells (A and B) and healthy eel (C and D). EM photographs of B and D illustrate the
enlarged images of A and C, respectively. Panels E and F illustrate gills and livers of virus-infected eel, respectively.
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Therefore, there should be different repeat numbers in virus-infected
cells.
To further conﬁrm the genomic DNA size of JEECV, we performed
Southern blot analysis. DNA was digested using the restriction
enzyme BglII, which is expected to induce a single cut in the viral
genome at a position of 14418 nt. As indicated in Fig. 6B, a single band
was found at approximately 15 kbp for BglII-digested DNA. Further
conﬁrmation is required with regard to the appropriate size for suchlarge molecules of DNA. Another large-size DNA from nondigested
DNA was observed after long exposure of the X-ray ﬁlm. This band
may represent another form of JEECV.
Detection of JEECV in eels
To conﬁrm the infection of eels with JEECV, DNA was extracted
from the gills of eels with natural VECNE and used to experimentally
infect eels. PCR was performed for amplifying three different regions
Fig. 2. Determination of viral genome sequence. A. Detection of viral DNA fragments.
Three unknown DNA fragments (004A, 004C, and 024) are obtained using RDV. Primers
are designed (004A-1 and -2, 004C-1 and -2, 024-3 and -4), and PCR is performed using
the supernatant of virus-infected cultured cells at 7 days p.i. M, 100-bp DNA ladder
marker; lane 1, supernatant of JEECV-infected cells; lane 2, supernatant of mock-
infected cells; lane 3, JEECV-infected cells; lane 4, mock-infected cells. B. Detection
of viral transcript. RT-PCR is performed using RNA extracted from virus-infected cells at
3 days p.i. to detect viral transcripts of the region harboring read-024 using PCR
primers, 024-2 and 024-5. M, 100-bp DNA ladder marker; lanes 1 and 2, mock-infected
cells; and lanes 3 and 4, JEECV-infected cells. Reaction of cDNA synthesis in lanes 2 and
4 is performed without Superscript III enzyme.
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eels with natural VECNE and virus-infected eels, but not in healthy
eels. Nucleotide sequences of these PCR products were conﬁrmed
after gel puriﬁcation.
Discussion
In this study, we determined the genomic sequence of a novel eel
virus, JEECV, whichwas isolated from eels with VECNE. The virus stock
used in this study contained agent(s) that cause VECNE. Our results
from 454 analysis, rolling circle ampliﬁcation, and overlapping PCR
suggested that JEECV genome is circular. We could not determine
whether linear form exists in this study. Therefore, we believe that
JEECV genome has two forms, linear and circular, in virus-infected
cells. In addition, it is also possible that the entire linear form of the
viral genome is longer than the present length obtained using
Southern blot analysis. Viral genomic sequences in this study may
represent one form of JEECV.
Interestingly, JEECV DNA contains regions homologous to the large
T-antigengeneofpolyomaviruses atATPbinding region, suggesting that
this homologous region has biological function. We also investigated
thatbirdpolyomaviral T-antigengenesweremorehomologous to JEECV
than mammals. Among four currently known bird polyomaviruses,
avian polyomavirus, goose hemorrhagic polyomavirus (GHPV), ﬁnch
polyomavirus, and crow polyomavirus (John and Muller, 2007), the
diseases caused by GHPV (hemorrhagic nephritis and enteritis)
resemble VECNE. JEECV large T antigen-like region also contains motifs
conserved among polyomavirus T-antigens: DNAJ (HPDK) motif, the
canonical nuclear localization signal, and zinc ﬁnger motif. Conserved
region1 (CR1)motifwas found in theC-terminus, insteadofN-terminus
where commonly found in the polyomaviral T-antigen (Pipas, 1992). It
remains to be examined whether the T-antigen-like gene inﬂuences
VECNE disease symptoms, as the T-antigen genes of polyomaviruses are
known to be tumorigenic. We found that the transcript harboring the
large T-antigen-like gene region was detectable, thus it is possible that
the T-antigen geneproduct is expressed. Further investigation is needed
to identify the structural and nonstructural viral protein ORFs in JEECV
DNAand todetermine the role of viral proteins, including the T-antigen-
like gene, in the development of VECNE in vivo.Recently, two novel viruses, bandicoot papillomatosis carcinoma-
tosis virus (BPCV) 1 and 2, were detected from bandicoot (Bennett
et al., 2008; Woolford et al., 2007, 2008 and 2009). These virus
genomes have both T-antigens of an ancestral polyomavirus and the
L1 and L2 capsid proteins of an ancestral papillomavirus. Inter-familial
recombination was occurred between an ancient papillomavirus and
an ancient polyomavirus more than 10 million years ago (Bennett
et al., 2010). JEECV genome may also arise by recombination between
a polyomavirus and a virus from unknown virus family.
We are also keen to investigate in the possibility of latent infection
by JEECV in Japanese eels. Natural VECNE is occasionally observed in
kidneys or liver without symptoms in gills (data not shown). It is
difﬁcult to locate diseased eels exhibiting such weak symptoms.
Therefore, we believe that there are eels latently infected by JEECV
exhibiting very weak symptoms.
In a previous study, mortality after viral infection was reduced by
incubating infected eels for more than 3 days at 35 °C under nonfeeding
conditions (Tanaka et al, 2008). However, it is not cost-effective to treat
a great number of eels with this condition simultaneously. To prevent
the prevalence of VECNE, a monitoring system for JEECV infection
developed in this study may be useful, if JEECV indeed causes VECNE.
Materials and methods
Cells, virus and viral infection
JEE cells were cultured in a medium containing Humedia-EB2
(Kurabo, Japan) and EGM-2 (Lonza, Switzerland) on a gelatin-coated
6-cm dish at 25 °C in a 5% CO2 incubator. JEE cells were infected with
the virus stock at 0.01 TCID50/cell MOI. At 4 or 5 days p.i., the infectious
ﬂuid was harvested. To infect the eels with the virus experimentally,
1×106 TCID50 (supernatant of virus-infected cultured cells) was
inoculated intraperitoneally into healthy eels. At 10 days p.i., eelswere
analyzed. Tissues were homogenized using BioMasher (Wako Bio.
Japan), and DNA was extracted using a QIAamp DNA mini kit. The
experiments using eelswere performed according to the regulations of
Tokai University.
Analysis using RDV (Maeda et al., 2008; Mizutani et al., 2007)
The viral infected culture supernatant (100 μl) was centrifuged at
2000g, 15 min, 4 °C to remove cell debris and was treated with
0.0001 μg RNase A (Qiagen), and 10-μl Turbo DNA-free DNase I
(Applied Biosystems, USA) were mixed with 1× Turbo DNA-free
buffer and shaken at 37 °C for 30 min. For DNA extraction, a QIAamp
DNAmini kit was used according to themanufacturer's instructions. A
whole-genome ampliﬁcation system (WGA; Sigma-Aldrich, USA) was
used according to themanufacturer's instructions. In the RDVmethod,
AmpliTaq Gold LD (Applied Biosystems) was used to obtain a high
yield of the PCR products. We mixed 4 μl 10× ampliﬁcation buffer in a
GenomePlex Whole Genome ampliﬁcation kit (WGA1) (containing
primers, but no information on sequences) containing 5-μl DNA
solution, 0.25 μl AmpliTaq Gold LD, and 30.75 μl distilled water. The
reaction mixture was heated at 95 °C for 9 min (for activation of
AmpliTaq Gold), followed by 70 cycles of ampliﬁcation consisting of
an annealing step at 68 °C for 1 min, a primer extension step at 72 °C
for 5 min, and a denaturation step at 94 °C for 1 min. After the ﬁrst
DNA library was puriﬁed using theMonoFas DNA isolation system (GL
Science, Japan), DNA was digested with 40-U HaeIII (Takara Bio Inc.)
at 37 °C for 30 min, and then the digested DNA was puriﬁed using
MonoFas. To construct the second cDNA library, 2.50 μl DNA solution,
0.5 μl blunt EcoRI–NotI–BamHI adapter (Takara Bio Inc.), and 3 μl
ligationmix (Takara Bio Inc.) were reacted at room temperature for 30
min, and then the digested DNA was isolated using MonoFas. The
second cDNA library was ampliﬁed using PCR using specially designed
primer sets in which six nucleotides comprised CC (HaeIII-digested
Fig. 3. Organization of the viral genome. (A) The cover depth of nucleotides analyzed using the next-generation sequencer is indicated in blue outside the JEECV genome. GC content
is indicated inside the JEECV genome. Red bar, more than 50% GC content in every 10 nucleotides; green bar, less than 50% GC content. (B) Fifteen predicted ORFs are indicated with
arrows. Read DNA fragments obtained using RDV and genome walking DNA fragments are indicated as blue and green lines, respectively. Black lines indicate ampliﬁed regions by
PCR in Fig. 7.
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Fig. 4. Alignment of the large T-antigen-like protein. (A) Polyomavirus large T-antigen-like region of JEECV is compared with that of polyomaviruses deposited in GenBank.
Alignment is performed using MEGA4 software. (B) Phylogenetic tree analysis of JEECV. The phylogenetic tree is obtained using the neighbor-joining method with 1000 bootstrap
replicates, and branch length is indicated at each branch node. The horizontal scale indicates 0.02 amino acid substitutions per site. BCPV1 and 2, bandicoot papillomatosis
carcinomatosis virus 1 and 2; GHPV, goose polyomavirus; BFPyV, budgerigar ﬂedgling disease polyomavirus; ﬁnch PyV, ﬁnch polyomavirus; cow PyV, crow polyomavirus; BKPyV, BK
polyomavirus; SV40, simian virus 40; WCPyV, WU polyomavirus; mytosis PyV, mytosis polyomavirus; and JCPyV, JC polyomavirus.
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Fig. 5. Analysis of virus multiplication in JEE cells. JEECV (0.01 MOI) is infected into JEE cells. DNA extracted from cells and culture supernatant from 24 to 187 h p.i. is analyzed using
real-time TaqMan PCR (A) and conventional PCR using primers, 024-3 and -4 (B).
185T. Mizutani et al. / Virology 412 (2011) 179–187sequence), and four variable nucleotides were added to the 3′ end of
the adapter sequence. PCR was performed by mixing 15 μl AmpliTaq
Gold PCR Master Mix containing AmpliTaq Gold, 0.5 μl forward
primer, 0.5 μl reverse primer, 0.5 μl DNA solution, and 13.5 μl distilled
water. The reaction mixture was heated at 95 °C for 12 min, followed
by 70 cycles of ampliﬁcation consisting of annealing and primer
extension at 72 °C for 30 s and denaturation at 94 °C for 30 s. After
electrophoresis of PCR products, DNA was isolated from the gel usingFig. 6. Circular form of JEECV. (A) Overlapping PCR. Lane 1, 14442F and 371R primers; lan
primers; lane 5, 2682F and 6011R primers; lane 6, 162F and 2821R primers. (B) Southern
exposure using Image analyzer. Lane 1, no digested DNA from mock-infected cells; lane 2,
infected cells; lane 4, BglII-digested DNA from JEECV-infected cells.MonoFas. Direct sequencing was performed using the forward primer
and/or reverse primer.
Conventional PCR
For PCR, DNA and RNA were extracted from the supernatant and
cells using the QIAamp DNA mini kit (Qiagen, USA). In this study, we
used GoTaq Master Mix (Promega, USA) for conventional PCR. Thee 2, 11142F and 15011R primers; lane 3, 8382F and 12011R; lane 4, 5622F and 9011R
blot analysis with short exposure of X-ray ﬁlm. (C) Southern blot analysis with long
BglII-digested DNA from mock-infected cells; and lane 3, no digested DNA from JJECV-
Fig. 7. Detection of JEECV in eels. Healthy eels are inoculated intraperitoneallywith 1×106
TCID50/cell MOI of JEECV. At 10 days p.i., DNA is extracted from gills. DNA is also extracted
from gills of eel with natural VECNE and healthy eel. Conventional PCR is performed using
three different primers (primer set A: JEECV-A1 and -A2, set B: JEECV-B1 and -B2, set C:
JEECV-C1 and -C2).M, 100-bpDNA laddermarker; lane 1, eelswith natural VECNE; lane 2,
JEECV-infected eels; and lane 3, healthy eel.
186 T. Mizutani et al. / Virology 412 (2011) 179–187reaction mixture contained 1× GoTaq Master Mix, 1 μl each of 50 μM
forward and reverse primers, and template DNA. Primers are as
follows:
004A-1 (5′-GGTCTCATGAAATGTAGATGTGCAGGTTAA-3′) and
004A-2 (5′-AATGCATATGAACGAGATATATACGAGC-3′) for 100-bp
PCR products;
004C-1 (5′-CTCTCCGCCCTCCTGCTCATCCGGCTC-3′) and
004C-2 (5′-AATCAGACGCGCCTGAGCAGACCCAGCT-3′) for 110-bp
PCR products;
024-1 (5′-TGTGATTTAGCGCAACGGCCGCAGCATA-3′) and
024-2 (5′-AGGCATCGCACATTAAACTGCACGCGCA-3′) for 240-bp
PCR products; and
024-3 (5′-TACTGGTGTCTATTTGTTGCCGCACCTGC-3′) and
024-4 (5′-CAACGAACCCCGTAATTGGAATAAAGCGT-3′) for 121-bp
PCR products. Usually, each PCR cycle involved denaturing at 94 °C
for 2 min, annealing at 55 °C for 30 s, and primer extension at 72 °C
for 30 s. This reaction was performed for 30–40 cycles. The nucleic
acid sequencesof PCRproductswere conﬁrmedbydirect sequencing.
For overlapping PCR, we used the iProof HF long PCR system
(BioRad, USA). The reaction mixture contained 1× master mix, 0.2 μl
each of 50-μM forward and reverse primers, and template DNA.
Primers are as follows:
162F (5′-TCTGAATGCAATGTATGACTGAGATCC-3′) and
2821R (5′-ATCTGAGCTGCTGCGCCCAGGAAAGCTGG-3′) for 2659-bp
PCR products;
2682F (5′-GACGCTTATGACGCTCCACTGGATGCGCAT-3′) and
6011R (5′-CTCTGCCATCTGAAGCCTCTTGCGCGTACC-3′) for 2940-bp
PCR products;
5622F (5′-GGGACGTACCAGCGGAAGTACACACAATGA-3′) and
9011R (5′-TCACTCAAGCACAGGCTATGGACCAGCCCC-3′) for 3389-bp
PCR products;
8382F (5′-TCAGTCATGCCGCCTGTAGAAAGCACCTG-3′) and
12011R (5′-ACGCCCCCCATGCCTGACCCTATGTTCGG-3′) for 3629-bp
PCR products;
11142F (5′-GTCATACGTCCGTGCGCTGCCCTGAGGAAC-3′) and
15011R (5′-TTTATGAAGGAAGTAATATGTGTTTAATTC-3′) for 3869-bp
PCR products;
371R (5′-CAAGTATGAGTCATTTCAATTGTATGAGCC-3′) and
14442F (5′-AGTTCTGTGACCACTGATCCCAGCTTAG-3′) for 1240-bp
PCR products.
Each PCR cycle consisted of 98 °C for 30 s, followed by denaturing
at 98 °C for 5 s, annealing at 55 °C for 15 s, and extension at 72 °C for15 min. This reaction was performed for 35 cycles. The nucleic acid
sequences were conﬁrmed by direct sequencing.
For PCR with high sensitivity, we used AmpliTaq Gold Master
(Applied Biosystems). The reaction mixture contained 1×master mix,
0.5 μl each of 50-μM forward and reverse primers, and template DNA.
Primers are as follows (Fig. 3B):
JEECV-A1 (5′-GACGGTCCTAAACATGAACGGTGAAATGTC-3′) and
JEECV-A2(5′-GGTATTTTGTACTCATTCATAGTGGCAATC-3′) for 270bp
as primer set A;
JEECV-B1 (5′-TGGGTGACCCCGAAGGGGCACTGTACG-3′) and
JEECV-B2 (5′-TATGTATAAACAGATTACGTGGCATACCTG-3′) for 240bp
as primer set B; and
JEECV-C1 (5′-TGCGCCCAGGCTTACCCTGTGCTCGATGTC-3′) and
JEECV-C2 (5′-CGGGCAGACGCAGACAACGCACTGCTGAAC-3′) for
330 bp as primer set C.
Each PCR cycle consisted of activation of Taq polymerase at 95 °C
for 9 min, followed by denaturing at 95 °C for 30 s, annealing at 65 °C
for 30s, and extension at 72 °C for 1 min. This reaction was performed
for 70 cycles. The nucleic acid sequences were conﬁrmed by direct
sequencing.
RT-PCR
RNA was extracted from JEECV- and mock-infected cells at 3 days
p.i. using an Isogen RNA extraction kit (Nippon Gene, Japan). To
eliminate viral DNA from the RNA solution, RNA was repuriﬁed using
a Total RNA Isolation Mini Kit (Agilent Technologies Inc., USA).
Furthermore, Turbo DNA free was used to digest DNA completely.
cDNA was synthesized using Superscript III (Invitrogen, USA) with
random primers. As a control, the reaction was performed without
Superscript III enzyme. PCR was performed using primers 024-2 and
024-5 (5′-TCAGGGTGGTCTGCTTCCGG-3′) using GoTaq (30 cycles).
The size of PCR products was 503 bp.
Real-time PCR
The primers and probe were designed for a segment of the large
T-antigen-like region. The primers are 025-1 (5′-TTGCCGCACC-
TGCTTCAG-3′) and 025-2 (5′-CGAACACCGTAATTGGAATAAAGC-3′)
for a 120-bp PCR product, and the probe is 025P (5′-FAM-ACACGC-
TGCTCAAATTGCTGCTGCCT-TAMRA-3′). Serial dilution of known
copies of JEECV DNA as a puriﬁed PCR product (primers 024F1 and
024R1) was used as standard DNA for real-time PCR. The TaqMan
real-time PCR assay was performed in a 7500 Sequence Detection
System using TaqMan Gene Expression Master Mix (Applied
Biosystems) according to the instruction manual. For a time-course
study of viral infection, DNA was extracted from the cells and
supernatant using a QIAamp DNA mini kit. Three microliters of
eluted DNA (total 50 μl) from supernatant and 10-ng eluted DNA
from cells were used as templates. The thermal cycling proﬁle of this
assay comprised the following steps: 2 min at 50 °C, 10 min at 95 °C,
followed by 45 cycles of PCR at 95 °C with denaturing for 15 s and at
60 °C for 1 min with annealing/extension for 1 min. The TaqMan
assaywas performed triplicate for each sample. DNA standards (copy
number: 1 to 1×107) were used to construct a standard curve.
Southern blot analysis
Frozen cell pellets of virus-infected and uninfected cells were
thawed and resuspended in 200-μl PBS (−). The samples were then
frozen and thawed two more times followed by centrifugation with
13,000g at 4 °C for 10 min to produce pellets. The supernatant,
approximately 200 μl, was extracted for DNA using the QIAamp
MiniElute virus spin kit (Qiagen), and the extracted DNA was
resuspended in 100 μl of buffer AVE. DNA (1.7 μg) was digested
187T. Mizutani et al. / Virology 412 (2011) 179–187using BglII for 4 h or not digested and run in 0.8% agarose gels. The
probe used was the gel-puriﬁed PCR product using 2682F and 6011R
primers, and the Megaprime DNA Labeling System (GE Healthcare)
was used for 32P-labeling. Hybridization was performed in ULTRAhyb
(Ambion) with labeled probe at 42 °C for 15 h. Membrane washing
was performed six times under the condition of 0.1× SSC and 0.1% SDS
at 42 °C for 15 min. The signal was detected using X-ray ﬁlm and
Image analyzer (FLA2000, Fuji ﬁlm, Japan).
Analysis using next generation sequencer
Viral DNA was extracted using a QIAamp DNA mini kit after
precipitation using ultracentrifugation of 30-ml virus-infected super-
natant (T-75 ﬂask; Falcon) at 4 days p.i. The viral DNA was randomly
ampliﬁed using Genomiphi V2 (GE Healthcare, USA) containing Phi29
enzyme, and single-stranded DNA was digested using S1 nuclease.
The Genome Sequencer FLX System (Roche and 454 Life Sciences) was
used in this study. DNA sequencing libraries were constructed and
sequenced using Hokkaido System Science Ltd. The total number of
reads was 17,000, and the total number of bases was 5,146,764. The
read sequences were analyzed using GS De novo Assembler Version
2.3 (Roche) for de novo assembly.
Alignment of amino acid sequences
Nucleic acid sequences of JEECV were analyzed using BLASTx at
NCBI. The polyomavirus large T-antigen-like region of JEECV was
compared with that of polyomaviruses deposited in GenBank.
Alignment was performed using MEGA4 software.
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